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(57) ABSTRACT

In a digital signal processing system, a method for selecting
a transform function to apply to an input signal based on
characteristics of the signal, and for self-adjusting criteria
which are used 1n selecting a transform function to apply to
a subsequent signal. Characteristics are obtained from the
signal. The characteristics are compared to adjustable crite-
ria which are used 1n selecting a transform function. Dif-
fering criteria are maintained for the different selectable
transform functions. A record i1s maintained of transform
functions selected and the particular characteristics that
caused the selection. Based on the ability of a transform
function to mimimally define the coded signal, an 1nverse
transform function 1s selected to decode the signal. The
criteria used 1n selecting a transform function to apply to a
subsequent signal are adjusted based on a quality measure of
the decoded signal and the record of selected transform
functions.

431.1 22 Claims, 7 Drawing Sheets
/300
From '7° _ 172 178 A 188 o,
Network Calor QUﬂlltiZﬂtiﬂll lossle
88 Network
or Storage [Converter o Processor Coder or Storage
174
180 Transform type
3 316
Moti rorward ‘
Eatuimz’ltlor 118 Classitier Se!ectiun
Motion '. grierla
Vectors 914 quantized
. 00 — 304 Transform block
' Quality Classifier type 66
easuremen Feedback b
Processor 320 | Processor Ehﬂmnt’iﬁ:’iﬁ
176~ FSNR 10
308 Inverse
Inverse Transform Type
168 Classifier T
Hﬂuﬂﬂ 324 IIIFEI'HE
Compensator Transform, Type

o Inverse
Transform
Processor 162

164

Inverse
Quantization

Processor




US 6,618,509 B2

Sheet 1 of 7

Sep. 9, 2003

U.S. Patent

9olA3( ndu]

03PIA
M

0TAS(]

cll

J A5

SaUIVI] O3PIA

adul0lg wye(

001

indyng/nduy
X10M10N




US 6,618,509 B2

Sheet 2 of 7

Sep. 9, 2003

U.S. Patent

Hy Ioud

Y

JOS83001J JO88300.1] 861
uorjezrjuend uLIojsuRly, °
98I3AU] ORISAU]
B
Jojesuaduro
]! 38%: J
T
061
4] Ll
I08890013 JOBE300IJ
uornjezrjuendy ULIOjSUBI], °
981 - A oLl

Il!!!lllllil! IIIIIIIIII!II;I!IIIIIII
i Wl

———— e — e — e e e e e



£ 95

US 6,618,509 B2

I~
=
e
8
7 0g
}o01q
pazrjuenb
e
—
—
o\
o
S
¢ p

adul0lg I0
N I0M}aN

Ol

U.S. Patent

goN[eA
VISR IeleyD

! E..—

J0883201J
Topjezijuuny

10jesuaduon
UOTI0R
8ot

10889001
USUIaINEVON

oLl

9L1

19)13A10)
10109
0L

edul0}g J0
JIoRjaN
p oM




U.S. Patent Sep. 9, 2003 Sheet 4 of 7 US 6,618,509 B2

<> g 4

402
Associate transform functions

with image characteristics FIG. 4A
and selection criteria
404
Receive a block whose motion FIG. 4B

vectors have been estimated

408
Compute image
characteristic values

408

Compare image characteristic
values to selection criteria and
select a transform function

410
Apply the transform function F -/ f M

to the input block
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416

Select a transform function that
Immmn]ly covers the coefficients block and output to

of the quantized block storage or network

Lossless code the

418
Inverse quantize the quantized block

4<0

Apply inverse of the minimally covering
transform to the inverse quantized block

5 49
Measure quality of decoded block

426

Update historical record of

characteristic values and quality of
decoded blocks as related to the
applied inverse transform function

428

Periodically adjust selection criteria

using historical record of characteristic
values and quality of decoded blocks
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DIGITAL IMAGE CODING SYSTEM HAVING
SELF-ADJUSTING SELECTION CRITERIA
FOR SELECTING A TRANSFORM
FUNCTION

This 1s a continuation of U.S. patent application Ser. No.
09/396,084, filed on Sep. 14, 1999, now U.S. Pat. No.
6,229,917, which 1s in turn a continuation of U.S. patent
application Ser. No. 08/678,427, filed on Jul. 3, 1996, now
U.S. Pat. No. 6,011,864.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to coding digital
video 1mages, and more particularly to reducing loss of
image Information by automatically adjusting operating
parameters utilized 1n the coding process.

2. Description of Background Art

Digital video systems are becoming increasingly popular,
especially 1n business settings. An example application of a
digital video system 1s a teleconferencing system. Despite
their popularity, digital video systems can be extremely
expensive 1n terms of storage and communication costs. The
cost of storage and communication 1s driven by the massive
quantity of digital image data which 1s generated by the
system.

One way to reduce costs or improve performance 1S to
reduce the quantity of digital data used to represent 1mages.
Various well known compression techniques have been
utilized to reduce the quantity of data used to represent a
digitized 1mage. While 1mage compression may reduce
some of the costs associated with handling digital image
data, the downside 1s that image quality may suifer.

A number of compression techniques conventionally
involve linear transformation of the digital image, followed
by quantization, and coding of transform coeflicients. In this
way, the quantized and coded signals may be compressed,
transmitted, or stored, and subsequently decompressed using
an mverse set of operations.

The Discrete Cosine Transform (DCT) has commonly
been used for image compression and decompression.
However, because such DCT-based image processing 1is
computationally intensive, various methods have been
devised to improve the performance of the transform pro-
CESS.

The DCT process involves computing a set of coefficients
to represent the digital image. One approach used to reduce
the time required to perform the transform process 1s to
compute only a subset of the coefficients. The selection of
the particular subset of coeflicients to be computed 1s based
on detected characteristics of the digital image. While yield-
ing acceptable results, the prior art process of classifying a
digital image according to 1ts characteristics and then select-
ing a subset of coeflicients has no mechanism to measure the
quality of the transformed 1image. Furthermore, the selection
criteria used to classify an 1mage are fixed such that they
cannot be easily adjusted to 1mprove 1mage quality.

Therefore, to improve the quality of compressed digital
images what 1s needed 1s a coding system having seli-
adjusting selection criteria for selecting a transform func-
fion.

SUMMARY OF THE INVENTION

The 1nvention monitors the quality of coded digital
images, and based on the monitored quality of the images,
updates operating parameters that are used in coding the
Images.
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A set of predetermined coding functions 1s available 1n a
video coding system to code a digitized video image. One of
the coding functions 1s selected and applied to the input
image. The selection of the coding function 1s made based
upon measured characteristics of the input image and selec-
fion criteria which are applied to the measured characteris-
tics. The 1mage 1s then decoded and the quality of the
decoded 1mage 1s measured. The selection criteria are
updated based on the measured quality of the decoded
image, whereby for subsequent images coding functions are
selected to produce 1mages with a higher quality measure.

In another aspect of the 1nvention, an historical record 1s
made for the measured characteristics of the 1mages pro-
cessed by the system. The measured characteristics are
correlated with the selected coding function. Periodically,
the selection criteria are updated based on the historical
record. The historical record provides a broad perspective
upon which updating of the selection criteria 1s based.

The invention further selects one of a predetermined set of
transform functions to code an 1mage. An 1nverse transform
function 1s selected, independent of the selection of the first
transform function, whose application minimally covers the
coellicients produced by application of the first transform
function. The 1nverse transform function 1s then applied to
the coeflicients, the quality 1s measured, and the selection
criteria are updated as described above. The updating of the
selection criteria enables selection of a suitable transform
function.

In still another aspect of the invention, the selection
criteria include adjustable thresholds and comparisons of
them to measured characteristics of the 1image to be coded.
The measured characteristics are correlated to the selected
inverse transform function i1n the historical record. The

respective thresholds are then updated from the historical
record of the measured characteristics.

BRIEF DESCRIPITION OF THE DRAWINGS

FIG. 1 1s a block diagram of a computer system for
encoding video sequences;

FIG. 2 1s a block diagram of a prior art video coding
system;

FIG. 3 1s a block diagram of a video coding system which
utilizes the present invention;

FIG. 4 shows the relationship between FIGS. 4A and 4B

which together contain a flowchart of the processing per-
formed by the video coding system 1n utilizing the present
mvention;

FIG. § shows the Total Energy Threshold Array memory
map,

FIG. 6 shows the memory map of a block which 1s output
after the application of the Four-by-Four block transform
function;

FIG. 7 1llustrates the memory map of the Decoded Block
Quality Array; and

FIG. 8 illustrates the memory map of the Total Energy
histogram.

DETAILED DESCRIPTION

FIG. 1 1s a block diagram of a computer system 100 for
encoding video sequences. The exemplary system 100 1s a
Power Macintosh which 1s available from Apple Computer,
Inc. The system includes a central processing unit (CPU)
102, an mput device 104 such as a keyboard or a mouse, and
an output device 106 such as a computer monitor. The
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system 100 further includes data storage 108 which may
consist of magnetic disks and/or tapes, optical storage, or
various electronic storage media. The RAM 110 1s available
for storage of program 1nstructions and data as referenced by
the CPU 102. The functional units of the system 100 are

interconnected by a signal bus 112.

An operating system program 114 1s shown as stored 1n
the RAM 110 to indicate that the program 1s executable by
the CPU 102, even though only portions of the program may
be present in the RAM at a given time. The operating system
114 controls allocation of the resources which are available
in the system 100.

The system 100 further includes a video input device 116
which 1s coupled to the bus 112. The video mnput device 116
captures and digitizes frames of 1mages presented to a
camera portion of the video imput device 116. The video
coding system program 118, represented as being stored 1n
the RAM 110, compresses the frames of data input by the
video mput device 116. The compressed frames may then,
depending upon the application, be either stored on the data
storage 108 as video frames 120, or output to a receiving
application via the network input/output device 122.

FIG. 2 1s a block diagram of a prior art video coding
system 150. The video coding system 150 has program
modules comprising a color converter 152, a motion esti-
mator 154, a transform processor 156, a classifier 158, a
quantization processor 160, a lossless coder 162, an inverse
quantization processor 164, an inverse transform processor
166, and a motion compensator 168, the latter three of which
provide feedback data to the motion Estimator 154.

The color converter 152 receives a frame of a digitized
video 1mage via mnput line 170 and converts the frame from
Red-Green-Blue (RGB) format to a luminance-chrominance
format such as Yuv. The converted frame i1s provided as
input to a summation element 172. The second 1nput to the

summation element 172 1s provided by the motion estimator
154.

The motion estimator 154 receives as mput a frame from
color converter 152 as shown by line 174. The previously
processed frame 1s also mnput to the motion estimator 154 as
shown by line 176. The motion estimator 154 compares the
frames to estimate the movement of portions of the 1mage in
the frame. The output of the motion estimator 154 1is
provided to the summation element 172 which outputs a
residual frame on line 178 to the transform processor 156.
The residual frame 1s essentially the difference between the
present frame as input on line 174 and the previous frame as
input on line 176.

The transform processor 156 receives the residual frame
from the summation element 172. The mput frame 1s pro-
cessed one block at a time, where a block 1s an mxn array
of elements of the mput frame. Each element of the block
represents a pixel of data. In the exemplary embodiment the
block size 1s an 8x8 array of pixel data. The input frame 1s
also mput to the classifier 158 via line 178.

The transform processor 156 applies a Discrete Cosine
Transform function to the input block to obtain an output
block of coeflicients. Background material on transform
coding of 1mages may be found in Transform Coding of
Images, R. J. Clarke, Academic Press (London), 1985. To
save computation time, the transform processor 156, based
on a selection made by the classifier 158, may compute only
a subset of the coeflicients of the block. The classifier 158
determines characteristics of the mput block, and based on
predetermined selection criteria, selects for computation a
subset of the coeflicients of the block. Note, however, that a
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block having certain characteristics will result in the com-
putation of all coeflicients of a block. The selected subset of
coellicients to compute 1s input to the transform processor
156 as shown by line 182. The selected subset of coeflicients
which 1s selected for computation 1s hereinafter referred to
as the “transform function” or “transform type.”

Each block of coeflicients output by the transform pro-
cessor 156 1s input on line 184 to the quantization processor
160. The quantization processor 160 reduces the number of
bits required to represent each of the coeflicients 1n the block
by dividing each coeflicient by a predetermined constant.
The predetermined constant 1s selected based on the appli-
cation’s required bit transmission rate.

The block of quantized coeflicients 1s input on line 186 to
the lossless coder 162. The lossless coder 162 codes the

block and outputs the coded information on line 188 for
storage to data storage 108, output on network 1nput/output

122, or output to output device 106.

The block of quantized coeflicients 1s also provided as
feedback on line 190 to the 1nverse quantization processor
164, to the inverse transtorm processor 166, and to the
motion compensator 168. The purpose of the feedback data
1s to permit the motion estimator 154 to perform its estima-
tion by comparing a newly mnput frame to a frame of the
previous 1mage as viewed by an application receiving the
output of lossless coder 162.

The mverse quantizer 164 multiplies each coeflicient of
the mput quantized block by the same predetermined con-
stant that was used by the quantization processor 160. The
output of the 1nverse quantizer 164 1s provided via line 192
as mput to the mverse transform processor 166.

The 1nverse transform processor 166 performs the inverse
of the transform function performed by the transform pro-
cessor 156 and as indicated by the classifier 158 on line 194.
The motion compensator 168 obtains the block of pixels
from the previously decoded image which 1s offset by the
motion vectors from the block of interest. The summation
clement 196 performs a pixel-wise addition of the negated
output of the motion compensator 168 with the incoming

block.

FIG. 3 1s a block diagram of a video coding system 300
which utilizes the present mmvention. The elements added to
FIG. 2 1n FIG. 3 include a forward classifier 302, a classifier
feedback processor 304, a quality measurement processor
306, and an 1nverse classifier 308.

The forward classifier 302 selects a transform type, which
1s indicative of a selectable transform function, based on the
characteristics of the block mput on line 180 and adjustable
selection criterita as provided by the classifier feedback
processor 304 on line 310. Recall from FIG. 2 that the
selectable transform function is an indication of the subset of
coellicients to compute for the mput block. The transform
type 1s input on line 312 to the transform processor 156.

The classifier feedback processor 304 provides selection
criterta on line 310 to the forward classifier 302. The
selection criteria are adjusted by the classifier feedback
processor 304 based on various input data, including: (1)
from the forward classifier 302, the transform type and
characteristic values computed for a block as shown by line
314; (2) from the quantization processor 160, the quantiza-
tion value, Q, on line 316; (3) from the motion estimator
154, motion vectors on line 318; (4) from the quality
measurement processor 306, a Peak Signal to Noise Ratio
(PSNR) on line 320; and (5) from the inverse classifier, an
inverse transform type on line 322. The processing per-
formed by the classifier feedback processor 1s explained
further 1n the discussion pertaining to the FIGs. that follow.
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Generally, the quality measurement processor 306 mea-
sures the quality of the coded 1mages produced by the video
coding system 118 for the purpose of improving the quality
of subsequent 1images coded by the system 118. The quality
measurement processor 306 does so by indicating to the
classifier feedback processor 304 the PSNR of a block which
has been coded and then decoded, relative to the block input
for coding. The processing performed by the quality mea-
surement processor 306 1s explained further in the discus-
sion pertaining to the FIGs. that follow.

The 1nverse classifier 308 seclects an inverse transform
function for mput on line 322 to the classifier feedback
processor 304 and for mput on line 324 to the inverse
transform processor 166. The mverse classifier 308 selects
an 1verse transform type independent of the classification
performed by the forward classifier 302. The purpose of the
independent selection 1s decode the block so that the selec-
fion criteria used by the forward classifier 302 may be
adjusted to improve the speed of the transform processor
156 while maintamning the fidelity of the coetlicients which
are output by the transform processor. The processing per-
formed by the 1mnverse classifier 308 1s explained further in
the discussion pertaining to the FIGs. that follow.

FIG. 4 shows the relationship between FIGS. 4A and 4B

which together form a flowchart of the processing performed
by the video coding system 300 in utilizing the present
invention.

In step 402, the video coding system 300 performs
initialization by associating predetermined transform func-
fions with 1mage characteristics and selection criteria. FIG.
5 1llustrates how the associations are established in the
exemplary system. Briefly, the types of image characteristics
and selection criteria utilized include adjustable thresholds
of overall energy, horizontal high pass energy, vertical high
pass energy, and motion vector magnitudes. The adjustable
thresholds and usage thereof are explained 1n more detail
below.

Step 404 recerves an input block whose motion vector has
been estimated by the Motion Estimator 154; A motion
vector consists of an x value and a y value, where x 1s the
movement of the 1image 1n the block on an x-axis and y 1s the
movement of the image 1n the block block on a y-axis. The
input block is received by the transform processor 156 and
the forward classifier 302, and the motion vector 1s received
by the classifier feedback processor 304.

The pseudocode in Table 1 below corresponds to steps

406 and 408.
TABLE 1
001 ForwardClassification( Q, InputBlock, MotionVectors)
002 begin
003
004  // Compute characteristics of the input block.
005  energy = ComputeEnergy( InputBlock );
006  hHPenergy = ComputeHorizHighpassEnergy( InputBlock );
007  vHPenergy = ComputeVertHighpassEnergy( InputBlock );
008 mvMag = ComputeMotionVectorMagnitude{ MotionVectors );
009
010  // Loop through each transform type.

for transformType = 1:NumberOfTranstormTypeTypes-1

// Select proper thresholds.

threshEnergy = EnergyThresholdArray [transformType] [Q];
threshHHP = HorizHighPassEnergyThreshold Array] trans-
formType] [Q];

threshVHP = VertHighPassEnergyThresholdArray|trans-
formType] [Q];

oNoNolole
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TABLE 1-continued

017 threshMV = Motion VectorMagnitudeThresholdArray]| trans-
formType] [Q];

018

019 if energy < threshEnergy and

020 hEPenergy « threshHHP and

021 vHPenergy < threshVHP and

022 mvMag < threshMV

023 then

024 return transformType;

025 end

026 end

027

028  // Since none of the previous transform types work,

029  // select the most general transform type.

030  return DefaultTransformType;

031

032 end

At step 406, characteristic values are computed for the
input block. Lines 5-8 of the pseudocode compute the
respective values according to formulae set forth below:

The total energy 1s the 1mage enerey and 1s computed as
the sum of the absolute pixel values. Speciiically,
where 1 and j form an index into the 1nput block, x:

Iﬂfﬂl Energy=z(f,j)eb!ﬂcﬁc|x(il -?I)l

The horizontal high pass energy 1s computed as the sum
of absolute differences of horizontally adjacent pixel
values. Specifically:

hHP ENErgY=2 = 1 . Blockwidih—1, 0= jc:B!ackhefghrlx(iff j)—x(i+l,j)|

The vertical high pass energy 1s computed as the sum of
the absolute differences of vertically adjacent pixel
values. Specifically:

vHPenergy==2o=;_ glockwidih, 0= jc:B!acﬁaHeighI—llx(iJ D=x(@j+)]

The motion vector magnitude may be computed as either
the sum of the squares of each component, or as the
maximum of the two vector components. In the exem-
plary embodiment either calculation 1s suitable. Spe-
cifically:

mvMag=x"+y~ or
mvMag=max(x, y)

Lines 10-30 of the pseudocode of Table 1 correspond to
step 408. Step 408 sclects a transform function based on the
selection criteria set specified 1n lines 19-285.

FIG. § shows the Total EnergyThresholdArray memory
map 452. The memory maps for the HorizHighPass
EnergyThresholdArray, the VertHighPassEnergyThreshold
Array, and the MotionVectorMagnitude Thresholds are simi-
lar 1n character to the TotalEnergyThresholdArray of FIG. 5.
Theretore, for brevity only the EnergyThresholdArray 1is
1llustrated.

Each of the arrays has t rows, each representing a different
transform function, and columns 1-MAX__Q which repre-
sent the constants used by the quantization processor 160.
MAX_Q 1s a predetermined constant. Each entry in the
respective arrays 1s 1nitially zero, and, during the course of
processing 1s updated by the classifier feedback processor
304.

The transform functions utilized in the exemplary system
include Zero-block, One-by-Three, One-by-Eight, Two-by-
Eight, Four-by-Four, Four-by-Eight, and Eight-by-Eight.
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FIG. 6 shows the memory map of a block which 1s output
after the application of the Four-by-Four block transform
function. The transform processor 156 computes the coel-
ficients for the upper-left four rows and four columns of the
block. The computed coetticients are designated as C,; in the
array. The remaining entries 1n the array are set to zero.

The Zero-block transform function results in the trans-
form processor 156 setting every entry 1n the output block to
zero. The One-by-Three transform function results in the
transform processor 156 computing the coefficients for the
first three columns of row one of the input block, and setting
the remaining entries to zero. The One-by-Eight transform
function results in the transform processor 156 computing
the coeflicients for all eight columns of row one of the 1input
block, and setting the remaining coeflicients to zero. The
Two-by-Eight transform function results in the transform
processor 156 computing the coefficients for all eight col-
umns of rows one and two, and setting the remaining
coellicients to zero. The Four-by-Eight transform function
results 1n the transform processor 156 computing the coel-
ficients for all eight columns of the first four rows of the
input block, and setting the remaining entries to zero. The
Eight-by-Eight transform function results i the transform
processor 156 computing the coeflicients for all eight rows
and eight columns of the mput block. Note that the Eight-
by-Eight transform function 1s the DefaultTransformType as
returned by the ForwardClassification pseudocode of Table
1.

Returning now to FIG. 4A, the transform processor 156
performs step 410 1n applying to the mnput block the trans-
form function selected by the forward classifier 302. The
quantization processor 160 performs step 412 in quantizing
the block received from the transform processor 156. Con-

trol 1s directed via path 412p to steps 414 and 416 of FIG.
4B. At step 414, the lossless coder 162 codes the block and
outputs the block to data storage 108 or network input/
output 122.

Step 416 1s performed by the mverse classifier 308. The
pseudocode 1n Table 2 below sets forth the processing for
selecting a transform function that minimally covers the

coellicients of the mput quantized block.
TABLE 2

001 InverseClassification( QuantizedCoefficientBlock )

002 begin

003

004  // Determine the locations of the non-zero coefficients.

005  locOfNonZeroCoet

006 = DeterminelocationOfForNonZeroCoefs(QuantizedCo-

efficientBlock );

007

008  // Find the transform whose set of coefficients minimally cover the
NON-ZEero

009  // coeflicints

010  transformType = FindMinimalCoveringTransform( locOfNon-
ZeroCoef );

011

012  return transformType;

013

014 end

At lines 56 of the InverseClassification pseudocode, the
locations of the non-zero entries 1n the quantized block are
identified. Line 10 1denfifies the inverse transform function
(e.g., Zero-block, One-by-Three, One-by-Eight, Two-by-
Eight, Four-by-Four, Four-by-Eight, or Eight-by-Eight)
whose application results 1n computing all coefficients for
the mput quantized block and which defines the smallest
portion of the 8x8& block.

The inverse quantization processor 164 inversely quan-
tizes the quantized block at step 418. Processing continues
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at step 420 where the 1nverse transform processor 166
applies the inverse of the transtorm function selected by the
inverse classifier 308. The decoding process continues at
step 422 where the motion compensator 168 undoes the
motion estimation applied by the motion estimator 154.
The quality measurement processor 306 measures the
quality of the decoded block at step 424. The exemplary
system uses the following calculation to measure decoded

block quality (Note that x is the original input block and X’
1s the decoded block while each element of blocks x and X'

are represented by x(17) and x'(1j), respectively):
PSNR=10logZ; ;cblock(x'(1, }))*

*blocksize* 2557
The quality measurement processor 306 keeps a historical
record of decoded block quality values and outputs the
decoded clock quality on line 320 to the classifier feedback
processor 304.

FIG. 7 1llustrates the memory map of the Decoded Block
Quality Array 462 1n which historical records of decoded
clock quality values are kept. For each transform function/
quantizer value pair, a historical record 1s kept of the
decoded block quality values. The decoded block quality
value may be the average of the PSNR values, the median
of the PSNR values, the minimum of the PSNR wvalues, or
another suitable statistical measure of the PSNR values. The
particular statistical function chosen is driven by application
requirements.

Returning to FIG. 4B, steps 426 and 428 are performed by
the classifier feedback processor 304. The classifier feed-
back processor 304 maintains a historical record of charac-
teristic values and quality measures of decoded blocks, as
related to the applied inverse transform function applied by
the 1nverse transform processor 166. At step 426 the his-
torical record 1s updated. The pseudocode 1n Table 3 below
sets forth the processing for updating the historical record.

TABLE 3
001 procedure UpdateHistograms
002 (
003  InputBlkCharHist [NumberOflnputBlkCharTypes]| | NumberOf-
TransformTypes| [MAX__Q],
004  InputBlkCharType.
005  InverseTransformType,
006 Q,
007  ForwardTransformType,
008  InputBlkCharValue, // Comes from the forward classifier.
009 )
010
011 begin
012
012  // The array ‘NumberOfComputedCoefficients” 1s a constant

global array.

014  NumCoeflnverse = NumberofComputedCoefficients|Inverse-
TransformType];

015  NumCoefForward = NumberOfComputedCoefficients| Forward-
TransformType];

016

017  if NumCoefinverse » SomeNiceConstant * NumCoefForward

018

019 // Select the histogram to update.

020 theHistogram = InputBlkCharHist| InputBlkCharType ]

| [nverseTranstformType]| [Q]

021

022 // Update the histogram.

023 theHistogram [InputBlkCharValue J++;

024

025 end

026

027 end

Inputs to the procedure, UpdateHistograms, include: (1) a
histogram designated as InputBLkCharHist | Numberoflnput
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CharTypes ][ NumberOf TransformTypes [MAX_Q]; (2) a
characteristic designated as InputBlkCharType; (3) the
inverse transform function designated as InverseTransform-
Type; (4) the quantization value Q; (5) the forward transform
function designated as ForwardTranformType; and (6) an
input characteristic value designated as InputBlkChar Value.

FIG. 8 1illustrates the memory map of the Total Energy
Histogram 472. The memory maps of the Horizontal High
Pass Energy Histogram, the Vertical High Pass Energy
Histogram, the Motion Vector Magnitude Histogram are
similar 1n character to the Total Energy Histogram.
Therefore, for brevity only the Total Energy Histogram is
illustrated. Each of the histograms is singly input to the
UpdateHistograms procedure of Table 3 as shown by line 3
of the pseudocode.

Each of the histograms has a row for each of the available
transform functions, and a column for each value 1n the
range ol quantization values. Each entry in the array refer-
ences a one-dimensional array having indices ranging from
0 to a predetermined maximum value. Values 1n the one-
dimensional array are updated as defined by the UpdateHis-
tograms pseudocode of Table 3. The InputBlkCharType
which 1s 1nput to the UpdateHistograms pseudocode speci-
fies which histogram to update.

Returning now to FIG. 4B, at step 428 the classifier
Feedback processor 304 periodically adjusts the selection
criteria used by the forward classifier 302 and then returns
control, via control path 428p, to step 402 to process the next
block. In the exemplary embodiment, the selection criteria
are adjusted once per second.

The procedure UpdateThresholds, as set forth in the
pseudocode of Table 4 below, updates the selection criteria
by selectively updating the various thresholds in the Total-
EnergyThresholdArray (FIG. §5), the HorizHighPassEnergy
Array, the VertHighPassEnergyArray, and the MotionVec-
torMagnitude Array.

TABLE 4

001 procedure UpdateThresholds

002 (

003

004  InputBlkCharTresh| NumberOfInputBlkCharTypes| | Number-
OfTransformTypes] [MAX__Q],

005  InputBlkcharHist| NumberOfInputBlkCharTypes| [Number-
OfTransformTypes] [MAX_Q],

006  DecodedBlockQuality|| NumberOfTransformTypes| [ MAX__Q],

007)

008

009 begin

010

011  // Loop through each transtorm type.

012  for TransformType = 1:NumberOfTranstformTypes

013

014 // Loop through each quantizer value.

015 for Q = 1:MaxQ

016

017 // Loop through each input block characteristic type

018 for InputBlkCharType = 1:NumberOflnputBlkCharTypes

019

020 // Select the Order-Statistic type.

021 OrderStatisticType =

022 SelectOrderStatistic

023 (

024 [nverseTransformType,

025 Q,

026 [nputBlkCharType,

027 DecodedBlookQuality [ Transform-

Type] [Q]

028 );

029

030 // Compute the updated threshold.
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TABLE 4-continued

031 [nputBlkCharThreshflnputBlkCharType |
| TranstformType] [Q] =

032 OrderStatistic

033 (

034 orderStatisticType,

035 [nputBlkCharHist] InputBlkChar'Type |

| TransformType | [ Q]

036 )

037

038 end

039 end

040 end

041

042 end

The 1nputs to the procedure are listed 1n lines 4-6. The
input parameter at line 4 references the threshold arrays (See
FIG. §); the mput at line 5 references the corresponding

histograms (See FIG. 8); and the input at line 6 references
the Decoded Block Quality Array (See FIG. 7).

As set forth m lines 12—40, each of the threshold arrays 1s
updated by first selecting an order statistic to apply to the
respective histogram, and then applying the selected order
statistic to the respective histogram. The OrderStatistic
function which 1s initiated on lines 31-36 applies the order-
StatisticType to the referenced histogram of characteristic
values. The orderStatisticType 1s a percentage, and the
OrderStatistic function computes the characteristic value. To
compute the characteristic value, the number of occurrences
for all the characteristic values are totaled, and the total 1s
multiplied by the orderStatisticType to obtain an adjusted
occurrence total. Then, beginning at the lowest characteristic
value 1n the histogram and proceeding with the following
characteristic values, the number of occurrences are totaled
until the adjusted occurrence total 1s reached. The Order-
Statistic function then returns the characteristic value at
which the adjusted occurrence total was reached.

The pseudocode for the function SelectOrderStatistic 1s
set forth 1n Table 5 below.

TABLE 5
001 function SelectOrderStatistic
002 (
003  TransformType,
004 Q,
005  InputBlkCharType,
006  DecodedBlockQuality
007 )
008
009 begin
010
011  // The array ‘NumberOfComputedCoeflicients” 1s a constant

global array.

012  NumCoef = NumberOfComputedCoeflicients| TransformType |;

013

014  // Depending on the measure being used, select the Order-

StatisticType.

015  // Constants k1-k4 are predetermined.

016  case InputBlkCharType of

017 begin

018 Energy: OrderStatisticType = k1*Num-
Coet*Decoded BlockQuality;

019 HorizHpEnergy:  OrderStatisticType = k2*Num-
Coet*Decoded BlockQuality;

020 VertHPEnergy: OrderStatisticType = k3*Num-

Coet*Decoded BlockQuality;
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TABLE 5-continued

021 MVMagnitude: OrderStatisticType = k4*Num-
Coet*DecodedBlockQuality;

022 end
023
024
025

026

return OrderStatisticType;

end

The mputs to the SelectOrderStatistic function are set
forth 1n lines 3—6. The mputs are the transform type, the
quantization value, a characteristic type, and a value that
indicates the quality of the decoded block.

The function SelectOrderStatistic returns an OrderStatis-

ticType based upon the input characteristic type, a prede-
termined constant, the number of coeflicients computed for

the 1nput transform type, and the input quality value.
While the foregoing exemplary embodiment of the mven-

fion 1s described 1n terms of a software implementation,
those skilled in the art will recognize that the invention could

also be implemented using logic circuits. The exemplary
embodiments described herein are for purposes of illustra-
fion and are not intended to be limiting. Therefore, those
skilled 1n the art will recognize that other embodiments
could be practiced without departing from the scope and

spirit of the claims set forth below.

What 1s claimed 1s:

1. A computer-implemented method for coding a block of
pixels of a digitized video 1image using a selectable one of a
plurality of coding functions, the method comprising:

establishing adjustable selection criteria for selecting a
coding function;

measuring a predetermined characteristic of the block to
obtain a characteristic value;

selecting a coding function based on said adjustable
selection criteria and said characteristic value;

coding the block according to said coding function to
obtain a coded block;

performing a quality measurement of said coded block;

adjusting said adjustable selection criteria for selecting a
coding function, utilizing said quality measurement
such that quality measurements of subsequent blocks
are 1mproved; and

establishing historical records of quality values and char-
acteristic values and associated coding functions and
quantization values.
2. The method of claim 1, wherein said performing further
COMprises:

decoding said coded block to obtain a decoded block.

3. The method of claim 2, further comprising selecting a
decoding function independent of selecting said coding
function.

4. The method of claim 3, further comprising:

further establishing said historical records based on
detected characteristics of blocks and selected decod-
ing functions; and

adjusting said adjustable selection criteria based on said

historical records.

5. The method of claim 1, wherein said measuring mea-
sures a predetermined plurality of characteristics, and said
selecting selects a coding function based on said adjustable
selection criteria and said plurality of characteristics.

6. The method of claim 5, wherein said plurality of
characteristics include a total energy characteristic defined
as 2.; JijEack‘X(i? 1|, wherein x represents the block of pixels,
and 1 and j are indices into the block.
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7. The method of claim 5, wherein said plurality of
characteristics 1nclude a horizontal high pass energy char-
acteristic defined as

Zﬂgfiﬁfﬂﬂkwfdﬂi—l, Dch:B!m:kHEfghrlx(iJ j)_x(f:-l_l! .;F)l

wherein x represents the block of pixels, and 1 and j form
indices 1nto the block.

8. The method of claim 5, wherein said plurality of
characteristics include a vertical high pass energy charac-
teristic defined as

202 i< Blockwidih, 0= j<BlockHeight—1 \x & j)—x(i,j+1)\

wherein x represents the block of pixels, and 1 and j form
indices 1nto the block.

9. The method of claim 5, wherein said plurality of
characteristics i1nclude a motion vector magnitude
characteristic, defined as x°+y~, wherein X represents the
movement of the 1image 1n the block on an x-axis and y
represents movement of the image 1n the block on a y-axis.

10. The method of claim 5, wherein said plurality of
characteristics 1mnclude a motion vector magnitude charac-
teristic defined as the maximum of X and y, wherein X
represents the movement of the image 1n the block on an
x-axi1s and y represents movement of the 1mage 1n the block
On a y-axis.

11. The method of claim 1, wherein said performing a
quality measurement includes the obtaining a peak-signal-
to-noise ratio.

12. The method of claim 11, further comprising:

further establishing said historical records based on
detected characteristics of blocks and selected decod-
ing functions; and

adjusting said adjustable selection criteria based on said

historical records.

13. A computer-implemented method for transforming a
block of pixels within a frame of a digitized video 1mage
using a selectable one of a set of transform functions, each
transform function having an inverse transform function,
and each block having a predetermined set of 1mage
characteristics, the method comprising;:

establishing adjustable selection criteria for selecting a
transform function;

detecting respective characteristic values for the image
characteristics of a block;

selecting a first transform function from said set of
transform functions based on said characteristic values
and said adjustable selection criteria;

applying said first transform function to said block to
form a transformed block;

quantizing said transformed block to form a quantized
block;

selecting an 1nverse transform function whose application
minimally covers said quantized block;

inversely quantizing said quantized block to form an
inversely quantized block;

applying said inverse transform function to said inversely
quantized block to form a decoded block;

establishing a quality value for said decoded block for
improving subsequent coded 1mages;

updating said adjustable selection criteria based on said
quality value and said characteristic values; and

establishing historical records of quality values and char-
acteristic values and associated transform functions and

quantization values.
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14. A computer-implemented method for transforming a
block of pixels within a frame of a digitized video 1image
using a selectable one of a set of transform functions, each
transform function having an inverse transform function,
and each block having a predetermined set of i1mage
characteristics, the method comprising;:

assoclating the transform functions with the set of 1mage
characteristics, with predetermined quantization

values, and with adjustable thresholds associated with
the 1mage characteristics;

obtaining respective characteristic values for the 1mage
characteristics of a block;

selecting a transform function from the set of transform
functions based on comparisons between said charac-
teristic values and said adjustable thresholds;

applying said transform function to the block to form a
transformed block;

quantizing said transformed block using a quantization
value to form a quantized block;

selecting an 1inverse transform function whose application
minimally covers said quantized block;

inversely quantizing said quantized block to form an
inversely quantized block;

applying said 1inverse transform function to said inversely
quantized block to form a decoded block;

obtaining a quality value for said decoded block for
Improving 1mages;

updating said adjustable thresholds based on said quality
value and said characteristic values; and

establishing historical records of quality values and char-
acteristic values and associated transform functions and

quantization values.
15. The method of claim 14, further comprising:

establishing histograms of characteristic values for each
of the 1mage characteristics and associated transform
functions and quanftization values;

recording said characteristic values 1n histograms refer-
enced by said transtorm function and said quantization
value;

selecting a statistical function to apply to said histograms;
applying said statistical function to said histograms;

updating said adjustable thresholds with data from appli-
cation of said statistical

function to said histograms; and

wherein said step of obtaining a quality value further
comprises obtaining a peak signal-to-noise ratio for

said decoded block.
16. The method of claim 14, further comprising;:

recording said quality value and characteristic values in
historical records referenced by said transform function
and said quantization value;

selecting a stafistical function to apply to said historical
records;

applying said statistical function to said historical records;
and

updating said adjustable thresholds with data from appli-
cation of said statistical function to said historical
records.
17. The method of claam 14, wherein said obtaining
characteristic values comprises:

obtaining a total energy value;

obtaining a horizontal high pass energy value;
obtaining a vertical high pass energy value; and
obtaining a motion vector magnitude value.
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18. The method of claim 17, wherein said selecting a

transform function comprises:

comparing said total energy value to an adjustable total
energy threshold;

comparing said horizontal high pass energy value to an
adjustable horizontal high pass energy threshold;

comparing said vertical high pass energy value to an
adjustable vertical high pass energy threshold;

comparing said motion vector magnitude value to an
adjustable motion vector magnitudes threshold; and

if, for a given transform function, said total energy value
1s less than said adjustable total energy threshold, and
said horizontal high pass energy value 1s less than said
adjustable horizontal high pass energy threshold, and
said vertical high pass energy value 1s less than said
adjustable vertical high pass energy threshold, and said
motion vector magnitude value 1s less than said adjust-
able motion vector magnitude threshold, then selecting,
said given transform function.

19. The method of claim 15, wherein said establishing

histograms further comprises the steps of:

cstablishing a total energy histogram;

establishing a horizontal high pass energy histogram;
establishing a vertical high pass energy histogram; and
establishing a motion vector magnitude histogram.

20. The method of claim 19, wherein said selecting a

transform function comprises:

comparing said total energy value to an adjustable total
energy threshold;

comparing said horizontal high pass energy value to an
adjustable horizontal high pass energy threshold;

comparing said vertical high pass energy value to an
adjustable vertical high pass energy threshold;

comparing said motion vector magnitude value to an
adjustable motion vector magnitudes threshold; and

if, for a given transform function, said total energy value
1s less than said adjustable total energy threshold, and
said horizontal high pass energy value 1s less than said
adjustable horizontal high pass energy threshold, and
said vertical high pass energy value 1s less than said
adjustable vertical high pass energy threshold, and said
motion vector magnitude value 1s less than said motion
vector magnitude threshold, then selecting said given
transform function.

21. A processor for coding a block of pixels of a digitized

video 1mage using a selectable one of a plurality of coding
functions, comprising:

establishment means for establishing adjustable selection
criteria used to select a coding function;

measurement means for measuring a predetermined char-
acteristic of the block to obtain a characteristic value;

selection means for selecting a coding function based on
said adjustable selection criteria and said characteristic
value;

code means for coding the block according to said coding,
function selected to obtain a coded block;

performance means for performing a quality measure-
ment of said coded block;

adjustment means for adjusting said adjustable selection
criteria for selecting a coding function, utilizing said
quality measurement such that quality measurements of
subsequent blocks are improved; and

establishment means for establishing historical records of
quality values and characteristic values and associated
coding functions and quantization values.
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22. A computer-readable medium comprising program
instructions for causing a processing system to perform a
method to code a block of pixels of a digitized video 1image
using a selectable, one of a plurality of coding functions, the
method comprising:

establishing adjustable selection criteria for selecting a
coding function;

measuring a predetermined characteristic of the block to
obtain a characteristic value;

selecting a coding function based on said adjustable
selection criteria and said characteristic value;

10
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coding the block according to said coding function
selected to obtain a coded block;

performing a quality measurement of said coded block;

adjusting said adjustable selection criteria for selecting a
coding function, utilizing said quality measurement
such that quality measurements of subsequent blocks

are 1mproved; and

establishing historical records of quality values and char-
acteristic values and associated coding functions and
quantization values.
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